Abstract-Student learning and academic performance hinge largely on frequency of class attendance and participation. The fingerprint recognition system aims at providing an accurate and efficient attendance management service to staff and students within an existing portal system. The integration of a unique and accurate identification system into the existing portal system offers at least, two advantages: accurate and efficient analysis and reporting of student attendance on a continuous basis; and also facilitating the provision of personalized services, enhancing user experience altogether. An integrated portal system was developed to automate attendance management and tested for fifty students in five attempts. The 98% accuracy achieved by the system points to the feasibility of large scale deployment and interoperability of multiple devices using existing technology infrastructure.
I. INTRODUCTION
Student learning and academic performance hinge largely on frequency of class attendance and participation. The regular efforts of any student geared towards course attendance, whether in class or online, has been found to significantly improve the success rate [1] [2] [3] . Therefore, the automatic processing and management of course attendance is highly crucial for course management both to the instructor and the educational institutions. Current methods of course attendance management rely on barcode based systems [4] , Quick Response (QR) code based systems [5] , Radio Frequency Identification (RFID) based systems [6] [7] or biometrics based systems [8] [9] [10] to replace the traditional paper based systems. The choice or preference of the system adopted in an educational institution usually depends on accuracy, cost, ease of use, student population, efficiency and existing technology infrastructure.
An effective attendance management system must be able to uniquely identify each student, irrespective of the class population, process attendance records accurately and have a minimal validation time. Despite the success of attendance systems based on barcode, QR code and RFID technologies, the need for a physical card limits their application to physical class attendance. On the other hand, biometrics based systems can be deployed for both physical and online enrolments; they only require a camera (face, ear) or scanner (fingerprint), keyboard (keystroke) or smartphone (face, ear or fingerprint); which is readily available to the user. A biometric trait refers to a physiological or behavioral trait that uniquely identifies an individual; such traits include face, fingerprint, iris, ear, keystroke, gait, palmprint etc. Automatic recognition of biometric traits such as face and fingerprint have been studied over the past five decades with remarkable accuracy even on large scale. The recognition systems are readily available in the market at affordable rates [11] [12] .
In this paper, a fingerprint recognition system is integrated into an existing university portal system to provide accurate and efficient attendance management, as shown in Fig. 1 . The existing portal system provides a platform for course, result/transcript, school fee campus accommodation and sport activities management as well as other related academic activities. The portal often serves the dual purpose of monitoring students' academic activities for staff (instructors, administrative and management) as well as planning and evaluation for students. The integration of a unique and accurate identification system into the existing portal system offers at least, two advantages: accurate and efficient analysis and reporting of student attendance on a continuous basis; and also facilitating the provision of personalized services, enhancing user experience altogether.
The rest of this paper is organized as follows. Section 2 details the architecture of the proposed attendance-integrated portal system. Section 3 presents the implementation of the system and testing results while some concluding remarks and directions for future work are given in Section 4.
II. SYSTEM ANALYSIS AND DESIGN

A. System Description
The requirements of the system were gathered through various enquiries made from students and staff especially instructors and students in the university. Others were gathered through observation. Essentially, all users of the fingerprint-based attendance-integrated portal system, as shown in Fig.1 , are required to enroll using their thumb and index fingers only. The fingerprint recognition is carried out with any off-the-shelf Figure 1 . Architecture of the Fingerprint Based Attendance System, as integrated into University Portal System commercial system available at strategic locations on the campus or as provided by device manufactures (e.g. on the mobile phones, if made available). Authorized access to the portal is granted to users (staff and students), based on fingerprint recognition, to enable rights and enforce restrictions within or across the system boundaries. Class or Course attendance is marked by checking a menu item (Create_Attendance) instead of scanning the finger again, while the system records the current time, date and geographical location at that time. A true attendance means the current location tallies with the venue indicated on the lecture timetable (as available on the portal, for class lectures).
Course lecturers are authorized to view, print or export the detailed report of their course attendance only. Attendance summary reports are available to staff who are not course lecturers. Attendance reports can be generated in form of tables or interactive charts for individual students (for all courses), a group of students (e.g. offering a particular course) or comprehensively on course-and classbasis for administrative purposes. Students are authorized to view, print or export the detailed report of their attendance records only. All users can access the portal system on their desktop, laptop or mobile devices; and can also setup their preferences for personalized services.
B. System Modeling
The Unified Modeling Language (UML) was used to model the proposed integrated portal system. The interaction of users (actors) with the system is summarized in Fig. 2 while the scenario of an actor (lecturer) interaction is shown in the sequence diagram presented in Fig. 3 . Attendance management is offered in the portal system as one of the services available from the Application server. The flowchart of the attendance management module is presented in Fig. 4 . Therefore, the user is only required to login once for access to multiple personalized services. This provides ease of use and overall user experience. All initial testing of the proposed system carried out at the unit level (Fig. 5), system level (Figs. 6, 7 ) as well as the integration level (Figs. 9,10 ) recorded good results. Further performance evaluation was carried out for a class of Computer Engineering students consisting of fifty students. The hardware used for testing are made available in the class during the two course periods per week at two locations (Class and Laboratory). The application was launched from various PCs and tested with the fingerprint sensor plugged in. At the beginning of each class, the course lecturer sets the first 20 minutes as the attendance window; this time can be adjusted. The attendance report for the course lecturer is provided as a table containing the following information: number of classes attended, expected number of classes and the current attendance percentage per student. Table 1 shows the summary of class attendance per class period; Classes 1,3,5 hold in the same class location while Classes 2,4,6 hold in laboratory per week. Each student had a single signing trial and the statistics recorded. It was observed that incorrect identification was either due to wrong placement of finger on the reader or attempt to validate with the wrong finger. Once signing attempts increase from one, 100% accuracy was recorded. This validates the efficiency of the fingerprint recognition systems available in the market. However, the experience was quite user friendly and took less than half of the time allotted for attendance signing in the class. 
IV. CONCLUSIONS AND FUTURE WORK
The fingerprint-based attendance system integrated into an existing portal framework in this project to replace the traditional paper attendance. The fingerprint recognition system facilitated an accurate and efficient attendance management service for staff and students within the portal system; with remarkable success. This integration offers at least two advantages: accurate and efficient analysis and reporting of student attendance on a continuous basis; and also, the provision of personalized services, enhancing user experience altogether. The improved portal system achieved 98% accuracy for fifty students tested over six class periods.
Further work on this project will be to test this system on large scale across multiple lecturers, students, courses and locations. Also, the performance of the system will be evaluated for interoperability especially for fingerprint samples obtained from different scanners and devices.
